Early warning systems (EWSs) are widely considered to be one of the most important mechanisms to prevent disasters around the globe. But as disasters continue to affect countries where EWSs have already been implemented, the striking disaster consequences have led us to reflect on the focus, architecture, and function of the warning systems. Since the 2004 Indian Ocean tsunami there has been a rapid rise in the promotion and use of EWSs to minimize disaster losses and damage. However, few researchers have addressed the question of their acceptability as an adaptive measure to the existing exposure conditions. EWSs are far more linked to emergency response and humanitarian crises and accepted technological interventions as solutions than they are to explicitly advance integrated analysis, disaster risk reduction, and policy making. A major flaw of EWSs is that the term ''early'' has been essentially used in reference to the speed of hazard onset, founded on a physicalist perspective that has encouraged a considerable dependence on technology. In this article we address the need for a clear understanding of the root causes and risk drivers of disaster risk creation, as advanced in the FORIN (forensic investigation of disasters) approach, as a prerequisite for the development of more articulated EWSs that could contribute to disaster risk reduction through policy making and practice, based on integrated and transdisciplinary management, in the interest of sustainable development, and human welfare and well-being.
Introduction: The Fallacy of Early Warning Systems
The origin of early warning systems (EWSs) dates back to the 1980s, when famines in Sudan and Ethiopia generated the need to anticipate and avert future food crises (Kim and Guha-Sapir 2012) . The consequences of the long socionatural processes of famine and drought raised the possibility of planning ahead. However, the evolution of the EWS concept and function has been diverted from its original conception in two ways. First, the definition of ''early'' is relative, according to natural hazard typology and speed of onset. From this we could assess whether or not the original sense of EWSs targeting actions well in advance has become irrelevant, but also whether current EWSs are already late by definition. We need to reflect on how ''early'' EWSs should be called on and made operational. Second, although there is no denying the significance of natural hazards in the definition of disaster risk, EWSs are mainly based on a physicalist perspective (Hewitt 1983a) , where the emphasis is on the hazard, while social context is mostly neglected. Thus, the understanding of vulnerability and exposure within the ''equation'' of disaster risk remains unresolved.
Recognizing that EWSs are necessary can be regarded as a step into the sphere of social and institutional awareness and preparedness. It is clear, however, that enabling awareness and preparedness through EWSs requires not only the availability of scientific and practical information and resources to people, but also building capacity in terms of psychological and social capital to interpret and use information and resources according to local needs and expectations , including the comprehensive understanding of disaster risk.
The current definition, architecture, and function of EWSs as an adaptive measure to the existing exposure conditions are not adequate. Disaster risk reduction (DRR) as the policy objective of disaster risk management (DRM) should encompass the social processes directed towards reducing existing disaster risk, managing residual risk, and especially avoiding the construction of new disaster risk in society (UNISDR 2017) . The simple logic and common sense of EWSs should include the cognizance of disaster risk as a condition that is largely influenced by choices and decision making that lead to the misuse of land, derived from the socioeconomic practices promoting inequality that have led to the social construction of disaster risk and disasters. This would allow the systematic identification and analysis of their causal factors and drivers.
Based on proposals such as those developed by Basher (2006) and Wiltshire (2006) , the most recent definition of EWSs provided by UNISDR (2017) emphasizes that to become ''end-to-end'' and ''people-centered'' EWSs need to include four interconnected key elements: ''(1) disaster risk knowledge based on the systematic collection of data and disaster risk assessments; (2) detection, monitoring, analysis, and forecasting of the hazards and possible consequences; (3) dissemination and communication, by an official source, of authoritative, timely, accurate and actionable warnings and associated information on likelihood and impact; and (4) preparedness at all levels to respond to the warnings received'' (UNISDR 2017, p. 14) .
Nonetheless, there is also something of a dichotomy between current EWSs, which either mainly focus on the hazard component of disaster risk (WMO 2006; Rogers and Tsirkunov 2011) , or follow a people-centered approach (Basher 2006; Thomalla and Larsen 2010) , including the dissemination of information for the people to react to a given hazard, and those approaches that suggest that it is precisely the articulation of causality that should be the basic rationale of disaster risk reduction practice, a fundamental view provided by the Forensic Investigations of Disasters perspective (FORIN) (Oliver-Smith et al. 2016 , 2017a , 2017b .
The following article is organized into six sections. Section 2 develops the FORIN perspective and Sect. 3 outlines the disaster risk interlinkages that are created by underlying causes and drivers of disaster risk and disasters, attached to the histories and culture of societies according to particular conditions occurring over time that have given rise to certain conditions of vulnerability and exposure. Section 4 discusses how the original meaning of the term ''early'' has been lost from its original conception, and how currently it is largely understood in terms of the speed of hazard onset from a physicalist angle. Section 5 addresses the analysis of the role of EWSs in decreasing disaster impacts as opposed to reducing disaster risk. By looking at the disaster triggered by Hurricane Katrina in 2005, we illustrate in Sect. 6 that the existing EWS at the time of the disaster was not sufficient for disaster risk reduction, and was only beneficial for groups at a lower level of vulnerability, as frequently seen in other disaster contexts. In the concluding section we reflect on the challenges of EWSs to incorporate the understanding of disaster risk and disasters as a process constructed by societies, in which vulnerabilities and exposure must be recognized and addressed as a baseline for solid DRM that could truly lead to DRR. The growing interest in the interface between integrated science and policy making ) also needs to stimulate contributions with respect to the possibility that EWSs could be implemented to reduce expenses and to avoid carrying out more structural forms of change while creating a false sense of security.
Forensic Investigations of Disasters, FORIN
The FORIN Project was established by the Integrated Research on Disaster Risk program of the International Science Council (IRDR-ISC) in 2010 (IRDR 2013). Its main objective is to increase and strengthen the knowledge that underlies evidence-based policy making for disaster risk management at all levels of governance and geographical scales. The insufficient understanding of the underlying or root causes of disasters, including their increased frequency and magnitude, is generally acknowledged in the worldwide disaster research, management, and policy communities. The FORIN Project is an international response (including both nongovernmental and intergovernmental organizations) to address this knowledge deficiency. The FORIN perspective formalizes the analytical space and agenda for root causality research, enabling a form of analysis that conceptualizes disasters as intrinsic to development and societal processes ( Fig. 1 ) (Oliver-Smith et al. 2016 , 2017a , 2017b .
The FORIN vision includes the idea of moving incrementally towards a forensic approach to the investigation of disasters triggered by geophysical, geomorphological, hydrometeorological, and technological events. Towards this end, the FORIN perspective proposes studying cases by using a common methodology in order to reach a broader and more probing analysis. These results, it is hypothesized, will go beyond the location-and timespecific findings that commonly emerge from single oneoff investigations and will help to identify underlying and systemwide causes, allowing more effective disaster risk management, especially through the implementation of risk conscious sectoral and territorial development planning goals and mechanisms. The goal of the FORIN approach is the optimal design of the EWS component of the DRM/ DRR strategy.
FORIN research seeks to dispel the widespread but incorrect perception that disasters are independent events that happen in specific places to specific communities, where each event is perceived as unique and separate. FORIN postulates that disasters are linked both by systemic causes and by their widespread and expanding consequences in what can be termed an epidemiology of disasters (Burton 2010 (Burton , 2015 .
The complexity of disasters requires an interdisciplinary and holistic approach to research that is capable of capturing the multiple drivers, and interdependencies that combine to generate disasters. The organizational methodology provided by FORIN draws on joint, reciprocal framing of research questions, involving multiple stakeholders and multiple methodologies in the design, execution, and application of research leading to practice. Research on root causes will enable policymakers to trace causal trajectories in the construction of social vulnerability and the occupation of zones of high exposure to hazard, as well as environmental and social processes that are increasing risk that must be included when delineating EWSs.
Along these lines of thought, EWSs should be embraced in the dimension of the elementary shift of the understanding of disasters that involves moving beyond the erroneous and conceptually dangerous notion of ''natural disasters'' that pervades much political discourse. A new structure of EWSs is needed in order to advance development-based understanding of disaster risk construction as it concerns innovative organizational and institutional approaches based on scientific evidence and community participation. From the FORIN perspective it is clear that for identifying and analyzing disaster risk construction processes, a wide range of underlying causes and drivers linked to the social creation of disaster risk must be considered (Oliver-Smith et al. 2016 , 2017a , 2017b .
Notwithstanding that both conceptually and practically EWS theorists and practitioners recognize the difficulty of changing the system and reducing vulnerability, in their present architecture, EWSs are more linked to emergency response and humanitarian crises than disaster risk reduction. Consequently, the present effort differs from the strategies devoted to using or further disseminating existing EWSs given that they are unquestioned technological interventions as adequate solutions rather than explicitly advancing integrated analysis, disaster risk research, and policy making. Most importantly, this article underscores the need for a clear understanding of root causes and risk drivers of disaster risk creation, as a prerequisite for the development of more articulated EWSs (Alcántara-Ayala and Oliver-Smith 2017) and better DRR and DRM. The latter should be delineated as a road map towards sustainable development, and human welfare and well-being (Lavell and Maskrey 2014) .
Root Causes, Histories, and Emerging Wisdom on Disaster Risk Interlinkages
Since the beginning of civilization, in order to position themselves in the universe, human beings have developed philosophies, sciences, and myths about the relationship between people, nature, and the cosmos. In trying to understand Mother Nature and blaming the occurrence of catastrophes on fate or God's wrath for sins committed by humankind, disasters have been considered by many people around the world to be acts of gods and acts of nature (Hewitt and Burton 1971; O'Keefe et al. 1976; Burton et al. 1978; Hewitt 1983a Hewitt , 1983b Blaikie et al. 1994; Burton 2010 Burton , 2015 Oliver-Smith et al. 2016) . Much work on the significance of the cultural perception of disasters has been carried out in several regions of the world for emblematic cases such as the mudslides of Vargas, Venezuela in 1999 (Revet 2007) , the 2001 Gujarat Earthquake in India (Simpson 2011) , and the Vesuvius eruptions in Italy (Gugg 2018 ). An example of pioneering research includes the disaster triggered by the avalanche generated during the 1970 Ancash Earthquake in Peru, when approximately 70,000 people died (Oliver-Smith 1990). Bode (1977 Bode ( , 1989 and Oliver-Smith (1992) investigated the historical account of the cultural belief systems in the Peruvian Andes that constituted the constellation of cultural attitudes towards risk and decision making associated with disaster-driven displacement. Chester et al. (2008) documented the significance of religion in the perception of people in Italy towards volcanic eruptions and their effects, from a perspective of emergency response, for decision making framed by the window of the encounter between miracles and rationality.
Erroneously, disasters have been interpreted for a long time as the catastrophic inner self of the planet. The improvement of the understanding of disaster risk and its consequent shift of scientific paradigms has pointed to the unnaturalness of disasters as the line of reasoning that could shed light on disaster risk reduction and management (Alcántara-Ayala and Oliver-Smith 2017).
Over several decades, a growing body of literature has examined the different paradigms considered to explain disasters. In their seminal research, Burton, Kates, and Hewitt have led the discussion on the understanding of the interlinkages between environment and societies (Burton and Kates 1964; Burton et al. 1968 Burton et al. , 1978 Hewitt and Burton 1971; Hewitt 1983a Hewitt , 1983b stating from the early stages that ''Awareness of the risk of repeated disasters probably is higher in modern man, but the pattern of reinvasion of hazard areas is no less than in the past, and is very probably stronger'' (Burton et al. 1968, p. 3) .
As Maskrey (1993) argued, disasters are not natural. They are shaped by a series of processes of socioeconomic, historical, cultural, and institutional nature linked to development that have transformed the planet into a sphere of infinite dimensions of vulnerability and exposure (Hewitt and Burton 1971; Burton et al. 1978; Blaikie et al. 1994; Cannon 1994) .
Denaturalizing disasters requires the conception of historical processes as disaster risk underlying causes and drivers, opposing the predominant vision of disasters as the equivalence of unavoidable ''extreme'' natural phenomena. Provided that risk must be understood as an integrated complex of conditions and variables that interact to place people at risk, the most important dimension and first stage to understanding disaster risk and disasters encompasses the recognition of root causes and risk drivers.
Influential contributions made by Blaikie et al. (1994) , Cannon (1994) , and Wisner et al. (2004) have placed emphasis on root causes as an interconnected series of widespread and general processes within a society, which can be distant in space, time, and essence as they are derived from culture, ideology, beliefs, social relations, and political economic systems prevailing over time. In many ways, the conception of the underlying causes of disasters mirrors the delineation of derived risk drivers or dynamic pressures. The latter are processes that embrace perceptions, choices, decision making, and actions that transform the spatial-temporal effects of root causes into unsafe conditions, and their infinite dimensionality of vulnerability, and therefore into disaster risks (Wisner et al. 2004 ).
The analysis of these phenomena is complex and must be addressed by engaging the complexity of the interactions of livelihoods, institutions, needs, priorities, perceptions, decision making, actions, resource allocation and production/consumption patterns, practices, and socioeconomic historical and contemporary developments within societies. Only through understanding these complex relationships can disaster risk interlinkages in terms of histories, emerging wisdom, and vulnerability be mapped.
It can be argued that interlinkages within political economic history at subnational, national, regional, and global scales-between population growth, urbanization, marginalization, inequity, poverty, exclusion, lack of adequate health and education conditions, migration, rural and urban land-use patterns, construction of infrastructure, environmental degradation and ecosystem service depletion, among other social asymmetries and exploitative types of social organization and misuse and mismanagement of natural resources and environment-have contributed to the skyrocketing expansion of vulnerable societies in areas of high exposure to the potential impact of hazards, and consequently to the increase of people at risk. These disaster risk drivers, as mechanisms and linkages that underpin the current conditions of societies in both developed and developing countries (Alcántara-Ayala 2002), have been generated from the implementation of systems of growth and development (Wisner et al. 2004; Oliver-Smith et al. 2016) .
To address these linkages and the consequent spheres of vulnerability and exposure, the FORIN perspective creates an integrated framework for the drivers of disaster risk and the causality of disaster risk and disasters. The FORIN approach entails in-depth questioning and systemization of information concerning hazards, the exposed social and environmental domains, and the configuration of vulnerability within socioenvironmental frameworks. By considering relationships and the particular societal structures and organizations, FORIN aims at achieving a development process that is informed by DRM, bearing in mind its pivotal role for a transformational potential (Oliver-Smith et al. 2016) .
In recent years there has been considerable interest in the FORIN perspective. It has become a critical issue in analyzing the infinite dimensions of vulnerability and exposure. By looking at 2009 Typhoon Morakot's devastation of Taiwan, Huang et al. (2013) questioned how people can better understand and learn from disasters, including the potential implications for emergency operations and disaster risk reduction if disasters are understood as socially constructed. Castillo (2013) addressed the integration of DRM with climate change adaptation in the Philippines, and Faustino-Eslava (2013) evaluated the necessity of the people to adjust their perception of their levels of exposure to potential hazards associated with the activity of an active fault system in the Philippines. More recent evidence highlights the influence of poor urban governance, politics, and institutional structures on the social construction of urban vulnerability to flooding by analyzing the root causes of flood vulnerability in the core area of metropolitan Ibadan, Nigeria (Salami et al. 2018) .
Lost in Translation
The need to develop EWSs goes back to the African famine in Sudan and Ethiopia in 1984 and 1985 that resulted in the loss of life of around 1 million people (Kim and Guha-Sapir 2012) . Failure of the preceding early warning activities associated with the Sahel drought that led to famine, due to a lack of timely response even for a slow-onset phenomenon, produced considerable impacts with respect to human suffering, resources, and economic and social disruption (Nall and Josserand 1996) .
Established in 1985 by the US Agency of International Development (USAID) and the US Department of State, the Famine Early Warning Systems (FEWS) was the first international effort created for relief ahead of time, identifying and working on the analysis of socio-natural processes, such as famines and droughts that could induce crisis and affect societies (FEWS NET 2019).
The principal aim of FEWS was focused on anticipating impending famines and generating advice for agency planners, policy making, and practice in terms of preventing or mitigating famines (Kim and Guha-Sapir 2012) . To accomplish that purpose, field information and remote sensing imageries were used (Walsh 1986 ). However, just as the present day EWSs, FEWS faced obstacles associated with the limited availability of data and therefore with accuracy. Nonetheless, one of the major arguments employed to justify the creation of FEWS was precisely the duty to provide more than a general alarm. It was expected to convey specifics on location, numbers of people at risk, and other information regarding food security in the form of availability, access, and utilization (Walsh 1988) .
Beyond the information derived from satellite observations, ''the fact that man, not nature, is causing the problem poses special difficulties for relief organizers'' (Walsh 1986 (Walsh , p. 1145 ), a clear signal of the complex social challenges involved in EWSs. New attempts were directed toward the integration of physical and social data (Walsh 1986) .
Initiatives in this direction were undertaken with the establishment of the International Decade for Natural Disaster Reduction (IDNDR) during the 1990s, particularly with respect to the need to understand disasters within a development context. A preamble event to the First World Conference on Natural Disaster Reduction (WCNDR) in Yokohama, Japan in 1994, the first Inter-American Conference on Reduction of Natural Disasters was held in Cartagena de Indias, Colombia. The main output of the event was the Cartagena Declaration on Reducing Vulnerability: A Goal of the Americas for Sustainable Development, which influenced the Yokohama Strategy for a Safer World: Guidelines for Natural Disaster Prevention, Preparedness and Mitigation and its Plan of Action (Lavell 2004 ; Alcántara-Ayala 2019).
One of the 10 outlined principles of the Yokohama Strategy pointed out that ''Early warnings of impending disasters and their effective dissemination using telecommunications, including broadcast services, are key factors to successful disaster prevention and preparedness'' (United Nations 1994, p. 8) . This endeavor counted on incorporating ''cost-effective technologies in reduction programs, including forecasting and warning systems'' (United Nations 1994, p. 15) as a baseline for the Strategy for the year 2000 and beyond, and ''establishing and/or strengthening early warning mechanisms for disaster reduction'' (United Nations 1994, p. 16) as one of the cooperative activities to be encouraged at the regional and subregional levels.
The Hyogo Framework for Action 2005-2015 (HFA) also prioritized the identification, assessment, and monitoring of disaster risks and the enhancing of early warning (UNISDR 2005) . Even before this strategy began, efforts concerning early warning had not been recognized as sufficient, as seen in the aftermath of the disaster associated with the 2004 Indian Ocean tsunami. Although up to this point the issue of early warning had been taken exclusively as a problem of developing countries, this myth was shattered by the devastating consequences of 2005 Hurricane Katrina. By considering the balance between the progress reported by countries and the occurrence of disasters during the execution period of the HFA, the specific gaps and challenges concerning risk identification, assessment, monitoring, and early warning prevailed. Perhaps the only difference was that during this time major disasters, including Hurricane Katrina and the Great East Japan Earthquake and Tsunami took place in the United States and Japan, respectively, two of the countries with the highest economic development, which were perceived as well prepared for confronting disasters.
Parallel to the development of the IDNDR and HFA landmark agreements, FEWS evolved in 2000 into the FEWS NET, a network that currently provides information on and analysis of food insecurity based on an integrated approach that takes into account climate, agricultural production, prices, trade, nutrition, and the understanding of the character of local livelihoods, among others. The forecasts developed by the FEWS NET target potential scenarios and anticipate change 6-12 months in advance. A particular distinction of the FEWS NET is that it utilizes a livelihoods framework to characterize vulnerability and understand hazards according to geographical location (Boudreau 1998 ; Save the Children-UK 2000; Verdin et al. 2005) ; the latter is essential for identifying exposure.
The legacy of the devastating impact of the 2011 Great East Japan Earthquake and Tsunami (Fig. 2) is reflected in one of the seven global targets of the Sendai Framework for Disaster Risk Reduction 2015-2030 that was directed at substantially increasing ''the availability of and access to multi-hazard early warning systems and disaster risk information and assessments to people by 2030'' (UNISDR 2015, p. 12) at global, regional, national, and local levels. In essence, this is aimed at investing in, developing, maintaining, and strengthening people-centered, multi-hazard approaches, as much as at multi-sectoral forecasting and early warning systems (UNISDR 2015) .
The evolution and function of the concept of EWSs suggests that the term ''early'' has been mainly used in reference to the speed of onset according to hazard typology from a physicalist-centered perspective. The contemporary manifestation of this approach has fed a technologybased paradigm that has generated increasing vulnerability and exposure of communities.
Early warning systems, as originally conceptualized in FEWS, were characterized by a long-term perspective and analysis of the occurrence of events (that is, droughts, 6-12 months), which included historical investigation and the understanding of vulnerability as a condition, aiming at informing agency planners and policymakers. Current EWSs are focused on shorter-term occurrences of eventshurricanes (days), earthquakes (seconds); landslides (minutes, hours, days), volcanic eruptions (minutes, hours, days) ( Fig. 3) . They also lack a historical analytical perspective in the elaboration of EWSs, and hence do not consider root causes and disaster risk drivers. Vulnerability-if considered at all-is assumed from a static perspective, and the main goal is directed towards informing civil protection, but not towards DRR. Contemporary EWSs are focused primarily on reducing damages from hazard onset, rather than on reducing disaster risk. This suggests that scientists and technologists are more often than not the central stakeholders in early warning systems (Basher 2006) .
While current EWSs provide some insights into certain aspects of response, they lack a critical approach to understanding how disaster risk is constructed. What has been lost in translation is the need to evolve into early warning articulated systems (EWASs) that could efficiently address DRR. In revisiting EWSs, a long-term perspective and analysis of events occurrence, from a FORIN angle, could contribute to translating root causes and disaster risk drivers as fundamental components for understanding disaster risk and for creating a new architecture for EWSs. If EWSs include vulnerability as a dynamic process in understanding that it often determines the magnitude of disasters, the rifts that have resulted from institutional vulnerabilities expressed in disasters in our societies could be taken as a source of lesson learning, and be aimed at informing both policymakers and civil protection agencies from a transdisciplinary perspective.
Early Warning Systems: Disaster Impact Reduction Versus Disaster Risk Reduction
Risk concerns uncertainty, which is a basic condition of human existence. When seeking DRR, the terms ''risktaking'' and ''risk-aversion'' or ''risk-avoidance'' involve different types of choices under uncertainty, and uncertainty can be reduced through learning and experience (Eiser 2004) . Because disaster risk is rooted in the conditions of people living in an exposed area, risk avoidance does not necessarily involve changing conditions that generate risk but creating options or exits from the impacts of natural hazards. Current EWSs are on the wrong side of the scale because their progress has been assumed to be in the scope of disaster impact reduction as opposed to disaster risk reduction (Fig. 4) . Disaster risks are related and each of them contributes to the dynamic of the others, worsening and compounding disaster risk. Yet, the message of EWSs is focused on avoiding the consequences of detrimental exposure to nature and is often paired with claims about the difficulties of science in making accurate predictions of hazards, particularly under multi-hazard dynamics that encourage scientists to focus on the cause of ''unusual'' disasters. Perhaps the single greatest influence towards the integrated direction of EWSs should be the concept of DRR itself, as a process that changes the conditions that generate risk. The main failure of current EWSs is their focus on the hazard that triggers the disaster (Fig. 4) . The interpretation of peoples at risk very often involves concerns about the intensity of the threat, the expected magnitude, people's ability to cope, their fears and uncertainties, and their knowledge of the hazards that trigger the disaster. Although such factors have been recognized as influencing the effectiveness of EWSs (Twigg 2002) , aspects associated with vulnerability and exposure commonly go unnoticed. Worrisome also is the fact that they are not the major concern for the people, though both determine the magnitude of disasters.
Individuals, as part of the environment within a socialecological system, have contributed to the construction of risk through choices made under institutional and social imposition, ignorance, and lack of information or perspective. The only difference of peoples at risk between countries and within countries is that they are located at different points-in socially constructed space and timealong the same disaster risk journey. Differences in terms of histories of failure derived from purely technological level-based EWSs are a matter of timing, as risk is largely institutionally conceived as a techno-scientific problem, and accordingly risk assessment is inclined to mask or ignore the underlying sociopolitical causes by foregrounding technical resolutions (Tucker and Nelson 2017) .
The original conception of the EWSs considered both hazard dynamics and vulnerability, but as technology progressed, authorities recognized that forecasting with an acceptable degree of certainty the areas of impact of some hazards was possible, and EWSs have encouraged dependency on technology. In the aftermath of any disaster, the evident challenge is enhancing the capabilities of EWSs to avoid human and economic losses, whereas the desirable inclination would be to understand disasters as indicative of the ''ills'' of society and thus directing action towards addressing them.
Because territories, regardless of scale, are composed of different but not unique layers of vulnerability and exposure, large disasters in developed countries have rekindled the need to understand and manage disaster risk from a transdisciplinary perspective. The overall outcome of the day Hurricane Katrina struck New Orleans in 2005, for example, expressed some of the fundamental social processes considered as drivers of exposure and vulnerability (Oliver-Smith et al. 2016 ) that went beyond the southeastern region of the United States, raising questions about the nature of systems that perverted societies into becoming places of structured inequality, and therefore demanding diversity and social change.
The mounting impacts of disasters worldwide poses serious challenges to the transformation of EWSs into integrated systems. Basher (2006) underlined that integrated EWSs should include the connections among all the elements necessary for effective early warning and response, in particular the role of the human elements of the system and the management of risks instead of merely warning of hazards.
On a wider level, the definition, architecture, and function of EWSs should be rewritten by stimulating their transformation into early warning articulated systems (EWASs), composed of a coordinated structure with the capacity to contribute to the implementation of strategies of action to achieve DRR and DRM based on the understanding of disaster risk and disasters as a process constructed by societies.
As argued by Alcántara-Ayala and Oliver-Smith (2017), providing sound processes that sustain practices of close and permanent partnerships among all DRR stakeholders, and based on disaster risk-integrated science, EWASs should involve a responsible commitment to achieve and guarantee DRR and DRM in space and time. EWASs cannot be defined uniquely as a coordinating system of response, but most importantly they should provide the necessary elements for the comprehension of disaster risk as a social construct by considering the understanding of root causes of disasters, risk perception, and the different dimensions of vulnerability, resilience, and adaptation. The implementation of EWASs should be embedded in legal and ethical frameworks that rely on risk communication that aims at the construction of a culture of a risk conscious society, in order to avoid the potential incoherence of government policies and practices. The inadequacy of DRM and the policy manifested in the current architecture and function of EWSs, typified by a techno-centric and emergency response approach, is helping to undermine the road map towards DRR and sustainability. Within our contemporary societies, articulated EWSs, counter to our society's devotion and dependence on technological solutions, should be at the heart of the critical agenda for disaster risk reduction, while mere disaster impact reduction should be rejected.
Hurricane Katrina: The Demise of a Myth
The occurrence of Hurricane Katrina in 2005 in New Orleans and on the Gulf Coast triggered a disaster that involved the flooding of 80% of downtown New Orleans. The disaster resulted from the failure of dikes, storm surge, wind, and rain, and led to an estimated damage of USD 200 billion (Congleton 2006) , more than half derived from the New Orleans flood (Boettke et al. 2007 ). Approximately 400,000 inhabitants were displaced, 1833 people lost their lives, and 500,000 people were affected overall (Geaghan 2011; CRED 2015) .
The morphological attributes of the terrain where the city is located mostly below sea level, lacking natural drainage and adequate maintenance of floodwalls and levees for inundation control, were among the most significant elements that constrained the infrastructure capability as rainfall thresholds were also surpassed by Katrina (Alcántara-Ayala and Oliver-Smith 2017). This was strongly linked to the long-term alteration of the river dynamics and the deterioration of the Mississippi Deltaic Plain induced by human activities, including more than 15,000 km of canals dredged for oil and gas development, navigation, drainage, and logging, along with the construction of impoundments (Day et al. 2000 (Day et al. , 2007 . At rates of up to 100 km 2 /year, about 4900 km 2 of wetlands have been lost in coastal Louisiana since the beginning of the twentieth century (Day et al. 2007 ). This wetland degradation was one of the most significant risk drivers of the disaster.
The complexity of the disaster and the high magnitude of its impact responded to a series of conditions that emerged from a disproportionate dependence on technological protection, combined with an assault on the natural defenses of the environment of southern Louisiana (Oliver-Smith 2006) . This relates to the ''levee effect'' that increases vulnerability to flooding as it builds a feeling of confidence over time that lessens preparedness and mitigation measures, and encourages the construction of infrastructure in hazardous zones, very often without proper maintenance (Pielke 1999; Kates et al. 2006; Burton and Cutter 2008) .
These ideas are consistent with Burby (2006) , in the emphasis on the use of safe development and local government complexities to explain the disaster associated with Hurricane Katrina. He argues that federal attempts to transform innately unsafe areas into secure areas by means of floodwalls and levees, linked to urbanization that lacked land-use planning, increased exposure conditions and people's vulnerability to hazards. At the same time, the meager attention and inadequate policy making regarding the potential disaster risk scenarios that result from the development of hazard-prone areas promoted by local governments also amplified vulnerability. Entrenched historical and political dynamics that lead to the construction of particular interrelationships of race and class as one of the main pivots of the creation of hazardscapes exhibit the complexity of the dimensions of vulnerability in societies in general (Bolin 2006) in both developed and developing countries.
As pointed out by Elliott and Pais (2006) , when looking back into history, the uneven geographical development linked to the failure to develop strong commercial networks and industrial centers produced a peripheral region characterized by profound and complicated relations of race and class. Kates et al. (2006) traced back the configuration of exposure conditions within an historical account of 288 years-from the early stages of settlement on inequity in the location of African-American quarters in terms of potential flooding scenarios occurred.
Our perspective concurs also with that of Comfort et al. (2006) regarding the ineffective communication and coordination among agencies and levels of governmental jurisdiction, to identify adequate instruments and mechanisms for communication of fundamental information and coordination among key actors in the devastating conditions of Hurricane Katrina. However, this challenge has not been widely recognized. It is necessary to link EWSs with institutions, authorities, science, decision makers, and all other communities involved in DRR, as suggested by Alcántara-Ayala and Oliver-Smith (2017).
The EWS for Hurricane Katrina was not efficient for disaster impact reduction. It was only useful for decreasing the disaster risk mortality of groups with minor levels of vulnerability. African-American communities, characterized by an aged and ill population with a high level of poverty, were the most vulnerable, exposed, and affected by Katrina (Kates et al. 2006 ). One of the major drawbacks was the establishment of a top-down, command and control model of emergency management by the federal government after September 11, which lacked an intertwined vision and connection with agencies of emergency management at the local level. This raises the concern about the inclusion of the Federal Emergency Management Agency (FEMA) into the Department of Homeland Security (DHS), as seen in the increased institutional vulnerability of the system in the disaster triggered by Hurricane Katrina (Birkland 2009 ).
Katrina was a distinctive hurricane that ''washed away any façade of racial and economic equality in America'' (Reed 2007, p. 555) . Beyond the extensive economic damage, the destruction of physical infrastructure, and the human and social disruption, including the psychological aftermath for the inhabitants and the displacement of over 400,000 residents (Geaghan 2011), Katrina exposed the vulnerabilities attached to the political system of the United States, including the poor and unnecessary duplicative coordination and communication between DHS, FEMA, and the different levels of governmental jurisdiction (Comfort 2006) . The myth of the occurrence of major disasters as particularly characteristic of developing countries was also dispelled. Scenes of the disaster that were seen around the globe, ''of desperate Black faces begging-for days-for rescue, for refuge, and for rations,'' were not scenes from the ''third world'' (Reed 2007, pp. 555-556) . While disasters commonly affect the poorest and most marginalized people, their impact is not solely located in the most socioeconomically underprivileged countries (Blaikie et al. 1994; Cannon 1994) ; both developed and less developed countries are differentially vulnerable to hazards (Alcántara-Ayala 2002).
Discussion and Conclusions
Attempts to improve DRM at local, national, regional, and global scales have been addressed in several ways through international initiatives such as the Sendai framework for Disaster Risk Reduction 2015-2030, the current landmark agreement aiming at ''the substantial reduction of disaster risk and losses in lives, livelihoods and health and in the economic, physical, social, cultural and environmental assets of persons, businesses, communities and countries'' (UNISDR 2015, p. 12) .
The Sendai Framework, based on Four Priorities of Action-(1) Understanding disaster risk; (2) Strengthening disaster risk governance to manage disaster risk; (3) Investing in disaster risk reduction for resilience; and (4) Enhancing disaster preparedness for effective response and to ''Build Back Better'' in recovery, rehabilitation and reconstruction (UNISDR 2015, p. 14) -seeks to attain its major goal by ''preventing new and reducing existing disaster risk through the implementation of integrated and inclusive economic, structural, legal, social, health, cultural, educational, environmental, technological, political and institutional measures that prevent and reduce hazard exposure and vulnerability to disaster, increase preparedness for response and recovery, and thus strengthen resilience'' (UNISDR 2015, p. 12) .
Under such an agenda, understanding, recognizing, and addressing disaster roots or underlying causes went from being one of five basic priorities in the HFA (UNISDR 2005) to being one of 15 guiding principles in the Sendai Framework (UNISDR 2015) . The pitfalls of the Sendai Framework, overlooking causality of disasters, pose a significant challenge, particularly for the importance of disaster risk knowledge, interpretation, and action in terms of organizational responses to disaster, because interpretations are shaped by experience, personal feelings and values, cultural beliefs, and interpersonal and societal dynamics (Eiser et al. 2012 ), but are not taken into consideration for the development of EWSs.
Disasters are products of an amalgam of complex disaster risk interlinkages that intersect the spheres of vulnerability, hazards, and exposure, which have unfolded and continue to unfold throughout history. As the understanding of the present is unavoidably linked to the past, it seems inescapable that addressing disaster risk and disasters is inseparable from the understanding of root causes and risk drivers that have led to the multifaceted dimensions of vulnerability and exposure, and hence of the social construction of risk.
In spite of the lack of quantitative assessments of the cost-benefit of EWSs in the medium and long terms, the way many people think about EWSs has been inspired by ideas about the importance of disaster loss avoidance, as well as by technologically driven views. However, disaster loss avoidance targeted by EWSs and visualized in terms of mortality and assets is far from synonymous with DRR and DRM.
In the absence of successful stories in both developed and developing countries, the pros and cons of EWSs have been progressively revealed by changes in EWS definition. Only a decade ago, EWSs were defined as ''the set of capacities needed to generate and disseminate timely and meaningful warning information to enable individuals, communities and organizations threatened by a hazard to prepare and to act appropriately and in sufficient time to reduce the possibility of harm or loss'' (UNISDR 2009, p. 12) . Now, this concept has been changed to ''an integrated system of hazard monitoring, forecasting and prediction, disaster risk assessment, communication and preparedness activities systems and processes that enables individuals, communities, governments, businesses and others to take timely action to reduce disaster risks in advance of hazardous events'' (UNISDR 2017, p. 17) .
Along these lines and anchored by a new conception of reducing disaster risk, EWSs would not be considered an integrated system if the notion of understanding the social construction of disaster risk is ignored. Even as the new DRR international agenda was consolidated in Sendai after the devastating disaster of the 2011 Great East Japan Earthquake and Tsunami, reflecting the need to ''substantially increase the availability of and access to multi-hazard early warning systems […] at global, regional, national and local levels'' (UNISDR 2015, p. 12) , by exclusively focusing on technology as the core of EWSs, disasters will continue to occur.
Rejecting the social construction and social understanding of disaster risk and disasters in favor of a mere technological approach will continue to bring disasters to our societies. The current architecture and function of EWSs, driven by a technological approach, reflects a single line of intent that is focused on the response to a potential disaster.
There is a genuine need for a rapprochement between the comprehensive understanding of disaster risk and the definition and establishment of EWSs. Underlying root causes and risks drivers should not be overlooked. We need to argue actively and persuasively against the definition and current function of EWSs as merely an adaptive measure to the existing exposure conditions, and in favor of bringing in an integrated disaster risk approach to show the policy relevance of the forensic investigations of disasters, the FORIN perspective directed towards the understanding of root causes and disaster risk drivers.
At this point in the recent history of disasters, when at the current rate every year disasters have an estimated impact of USD 520 billion and generate the displacement of millions of people, pushing 26 million inhabitants into poverty annually (UNISDR 2018), we wonder how lessons are easily lost, as increasing evidence of disaster impacts, and snowballing vulnerability and exposure conditions accrue.
As well as academic developments, changes outside academia have started to influence thinking. Societies are becoming more aware of the institutional vulnerabilities associated with the occurrence of disasters. A decade after the 2009 L'Aquila earthquake, in Italy there is evidence that disasters will become even more politicized and will enter legislative debates (Lauta 2018) in an era of human rights. A critical realist view of the drawbacks associated with the failures of both understanding disaster risk and disasters and current EWSs is indirectly documented through the cases seeking legal responsibility in the aftermath of disasters (Lauta 2014) . More recent evidence, from an anthropological perspective, for example, highlights the need to go beyond the notion of strict legal frameworks and to investigate the symbolic, cultural, and social aspects of legal disputes associated with disasters, with the potential to reformulate cultural codes and transform social realities (Benadusi and Revet 2016) .
Early warning systems should no longer ignore the root causes and risk drivers of disaster risk and disasters as they are intrinsically linked to the values and culture embedded in natural and social systems as unfolding processes over time (Oliver-Smith et al. 2016) . Since the beginning of the international efforts on DRR, dating back to the establishment of the IDNDR, the strategies introduced into EWSs have failed to provide an understanding of the social construction of risk.
Recent disasters such as the 3 June 2018 volcanic eruption of Volcán de Fuego in Guatemala (Lavell and Brenes 2019) , and the 28 September 2018 earthquake and tsunami in the city of Palu, Indonesia, demand an integrated disaster risk approach for policy making. The aftermath in the former included a death toll of 425 people, and an affected population of 714,414, whereas the latter accounted for 4340 fatalities, an affected population of 210,894, and economic damage in the order of USD 1.45 billion (CRED 2019).
By looking at the root causes of the Volcán de Fuego disaster, Lavell and Brenes (2019) question why a possible volcanic event becomes a hazard and why there are specific existing conditions of vulnerability, all of them associated with territorial development, land use occupancy, livelihood schemes, and other socioeconomic and political processes. They suggest that in addition to a high level of dependency on external scientific sources for instrumentation and monitoring due to problems related to funding, the significance of the history of the affected Guatemalan towns and their inhabitants, and their antagonistic relationship with the government, and armed and security forces reflected the lack of formal risk management.
Owing to the consequences of the devastating disaster in the Indian Ocean triggered by the December 2004 tsunami, scientific research was directed towards the installation of a tsunami early warning system in Indonesia. Efforts made by the German-Indonesian Tsunami Early Warning System (GITEWS) project in 2005 (Rudloff et al. 2009 ) were the seeds for the establishment of the Indonesian Tsunami Early Warning Systems (InaTEWS) (UNESCO 2012). Inaugurated in 2008, and assessed in 2010 by an international commission, the system was handed over to the Indonesian government in 2011, and included training of the Indonesian staff in the use and maintenance of all components (Rakowsky et al. 2013) .
Much concern has been expressed regarding the role of the warning center at the Indonesian Agency for Meteorology, Climatology, and Geophysics (BMKG), Jakarta, Indonesia in the aftermath of the disaster triggered by the tsunami associated with the earthquake of September 2018. The tsunami warning was lifted 34 min after issuing it, and according to Mr. Sutopo Purwo Nugroho, spokesman for the National Disaster Mitigation Agency (BNPB), the network of 22 buoys connected to seafloor sensors, needed to communicate advance tsunami warnings to the Indonesian Agency for Meteorology, Climatology, and Geophysics, had not worked since 2012 due to a lack of funding (ABC 2018).
In both the Guatemalan and Indonesian cases, the failure of EWSs is intertwined with the absence of financial and human resources, solid scientific development, capacity building, and the lack of political commitment and transdisciplinary science-based policy making-all well-defined indicators of some of the main dimensions of vulnerability that are not taken into consideration as key elements to comprehend the social construction of disaster risk. In spite of the efforts made by social scientists within the policymaking arena, DRR and DRM still tend to be dominated by technocratic decision making and practice, besides low public participation and accountability.
The effective engagement of FORIN, and its use at the level of practice, would lead to an integrated approach towards a new phase of policy-making structure and disaster risk culture. We hope that just as climate change is becoming a publicly recognized issue, the social construction of disaster risk could make headlines in newspapers, television, and social networks so that EWSs could be aligned with a new phase of relevance to policy making.
Disaster risk interlinkages in terms of vulnerability have been created in all societies within the sphere of multiple chronic endogenous and exogenous political and economic structures in association with religion, culture, perceptions, choices, authority regimes, development, and governance. In bringing social, economic, political, and cultural considerations that have unfolded through time into the ambit of disaster risk and challenging the predominance of the physicalist paradigm to explain disasters as social constructs, it will be possible to reveal the complexity of disaster risk reduction. This complexity is best expressed through identifying obstacles to reducing vulnerability and exposure in communities lacking sustainable development and solid and reliable disaster risk governance.
After several decades of false starts and neglect, the cumulative effect of disasters in the exponential growth of vulnerability and exposure in contemporary societies should compel the scientific community to engage in integrated disaster risk research, to begin to deal with EWSs and to avoid the radical dependency of EWSs on the dynamic of natural hazards. The lack of a central nucleus of disaster risk understanding in the existing architecture and function of EWSs serves more as a partial form of response than as a resolution to address disaster risk. Societies have thus continuously been affected by the need to be part of an integrated disaster risk perspective, very often at the expense of human casualties, and economic and environmental losses, in addition to conditions of vulnerability and exposure.
The momentum derived from recent disasters, where the implementation of EWSs was not sufficient to protect exposed societies, reflects the deep need of more cautious and integrated science to prevent ''black swan'' events. 1 In practical terms, we strongly believe in the inclusion of current EWSs in the DRR international agendas, but the approach has often not been interdisciplinary or innovative. The current definition, architecture, and function of EWSs have tended towards technological responses that have little relation to the social context of their application. EWSs have not evaded a narrowing of their scope as they have freely withdrawn from framing understanding the significance of essential societal conditions of vulnerability and exposure, thus preventing them from participating in the search for an integrated reinvention. They are lost in translation, but also late by definition. From the dominance of technology and response, we must move through phases of disaster risk research to transdisciplinary integration and policy contribution.
